TITLE OF THE INVENTION 

CERAMIC COMPOSITE AND MANUFACTURING METHOD THEREOF 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a ceramic composite and a 
manufacturing method thereof, and more peirticularly to a method for 
manufacturing a ceramic composite suitable for medical applications , 
and to a ceramic composite manufactured by this method. 

D es c ri p tion of tiie Relat e fl Art 

Hydroxyapatite, which is a calcium phosphate-based ceramic, 
has the same structure as inorganic bone components . For this reason, 
hydroxyapatite has excellent biocompatibility and thus is used for 
various biocompatible materials such as artificial dental implants, 
bone replacement materials, dental cements, and the like. 

In clinical practice, hydroxyapatite is used by being formed 
into dense articles, granular articles, porous articles having 
arbitrary porosity, or the like. 

Dense hydroxyapatite articles have sufficient strength 
required for implant materials. However, because of its dense 
structure, these articles involve problems in that they impede 
circulation of body fluids such as blood and they have a poor bonding 
ability to the surrounding bone tissue when implanted in the living 
body. 

In contrast with this, porous hydroxyapatite articles allow 
blood and other fluids to pass through the pores. Such porous 



hydroxyapatite eirticles are advantageous in that they are quickly 
surrounded by newly formed bone cells, and thus have a good bonding 
ability to bone tissue. On the other hand, however, such porous 
hydroxyapatite articles involve a problem in that it is difficult to 
maintain sufficient strength required for implant materials. 

In view of the above-described problems, attempts have been 
made to provide a hydroxyapatite ceramic composite composed of 
hydroxyapatite ceramic bodies having different porosities. 

As a method for producing such a ceramic composite , it has been 
proposed to produce a dense ceramic body and a porous ceramic body, 
and then to bond these bodies using a shrinkage fitting method in which 
the bodies are fitted together by utilizing a difference in the 
coefficients of thermal shrinkage therebetween. This method was 
disclosed by Japanese Patent No. 1677470. 

However, when the ceramic bodies to be bonded together possess 
similar coefficients of thermal shrinkage, it is difficult to bond 
these bodies with the above-mentioned method. Further, in the case 
where the ceramic bodies are bonded together with this method, the 
shapes of the fitted sections of respective ceramic bodies have to 
be in advance determined taking heat -induced dimensional changes and 
the like which will occur into consideration. However, it is 
difficult to pre-adjust the densities, dimensions, and other 
characteristics of ceramic bodies to be bonded together by taking the 
heat -induced dimensional changes into consideration. Furthermore, 
the ceramic bodies to be bonded have limitations in their shapes , since 

2 



these ceramic bodies have to be formed into fittable shapes. 

Another method has also been proposed to bond ceramic bodies 
together, in v^ch the ceramic bodies are bonded together' by 
interposing an intermediate layer such as a resin-containing adhesive 
and the like therebetween. 

This method imposes no limitations on the materials, shapes, 
or other characteristics of the ceramic bodies to be bonded, because 
there is no need to take heat -induced dimensional changes or the like 
into consideration. However, when an adhesive or the like is used 
to bond ceramic bodies together, it is difficult to obtain a ceramic 
composite having adequate bonding strength. Further, even if such 
a ceramic composite could be obtained, it is difficult to maintain 
the bonding strength for a long time. Furthermore, when ceramic 
composites containing adhesives or the like are applied to the living 
body, there is a danger that the resins and other components contained 
in the adhesive will elute into the living body. 

Therefore, the method using the adhesive described above 
involves problems in terms of biosafety and bioaffinity. 
S U MMARY OF THE INVgNTION 

It is therefore an object of the present invention to provide 
a method of manufacturing ceramic composite that can manufacture , with 
a simple technique , a ceramic coir5)osite having required strength and 
excellent bioaffinity and biosafety. 

Further, another object of the present invention is to provide 
a ceramic composite which has required strength and excellent 



bioaf f inity and biosafety eind which can be obtained with a simple 
manufacturing method. 

In view of these objects, the present invention is directed 
to a method of manufacturing a ceramic composite. The method 
comprising the steps of: preparing at least two ceramics bodies to 
be bonded together, each of the at least two ceramics bodies having 
a bonding surface; preparing a slurry in which primary particles of 
a bonding ceramic are dispersed; applying the slurry to the bonding 
surface of at least one of the ceramic bodies to be bonded; and 
sintering the ceramic bodies between which the slurry has been 
interposed to bond them. 

According to the method of manufacturing the ceramic composite 
of the present invention, it is possible to bond a plurality of ceramic 
bodies with a simple technique. Further, the slurry in which primary 
particles of a bonding ceramic are dispersed is applied to the bonding 
surface of one of the ceramic bodies to be bonded, it becomes possible 
to obtain the ceramic composite having an excellent bonding strength 
by sintering such ceramic bodies. Further, it becomes possible to 
completely integrate the ceramic bodies with each other, thereby 
preventing the strength at the bonding area between the sintered 
ceramic bodies from being deteriorated. Further, according to the 
present invention, it is possible to easily manufacture ceramic 
composites having complex shapes. 

In the present invention, it is preferred that the at least 
two ceramics bodies have different porosities. Bonding the ceramic 



bodies having such different porosities together makes it possible 
to obtain a ceramic composite in which different sections exhibit 
different functions. Therefore, it becomes possible to meinxif acture , 
with a simple technique, a ceramic composite (e.g., biocompatible 
materials such as artificial dental implants, bone replacement 
materials, dental cements and the like) having the required strength 
and excellent bioaffinity and biosafety. In this case, it is 
preferable that the at least one of the ceramic bodies has a porosity 
of 15 to 70%. 

Further, in the present invention, it is also preferred that 
the at least two ceramics bodies have the identical compositions. 
Preferably, the at least one of the ceramic bodies is composed of 
calcium phosphate -based compounds . More preferably, the at least one 
of the ceramic bodies is composed of calcium phosphate-based compounds 
with a Ca/P ratio of 1.0 to 2.0. In this case, it is preferable that 
the calcium phosphate -based compounds is hydroxyapatite. 

Further, in the present invention, it is also preferred the 
bonding ceramic in the slurry is constituted from the same material 
as that of at least one of the ceramic bodies to be bonded, and that 
the slurry does not contain any resin components therein. This means 
that the slurry that is applied to the ceramic bodies to be bonded 
does not contain any water-soluble polymers such as binders, that is 
the ceramic composite does not contain any organic components. 
Accordingly, the ceramic composite of the present invention 
eliminates the danger that these organic components will elute into 



the living body when this ceramic composite is used as a biocompatible 
material. In this case, it is preferred that the content of the 
bonding ceramic in the slurry is 0.1 to 20 vol%. 

Furthermore, in the present invention, it is also preferred 
that the particles of the bonding ceramic have an average grain size 
of 0.05 to 0.5 |jm. Further, it is preferred that the bonding ceramic 
is composed of calcium phosphate -based compounds, and that the 
particles of the bonding ceramic have cin average grain size of 0.05 
to 0.5 Jim. 

Moreover, it is also preferred that the bonding ceramic is 
composed of calcium phosphate -based compounds. Preferably, the 
bonding ceramic is composed of calcium phosphate -based compounds with 
a Ca/P ratio of 1.0 to 2.0. Further, more preferably, the calcivim 
phosphate-based compounds is hydroxyapatite. 

In the present invention, it is preferred that the step of 
sintering the ceramic bodies is carried out in accordance with a 
non-pressure sintering method. Further, it is also preferred that 
the step of sintering the ceramic bodies is carried out at a temperature 

from 900 to 1300°C. 

The present invention is also directed to a ceramic composite 
manufactured in accordance with the method as described above. The 
ceramic composite preferably includes a bone replacement material. 

These and other objects, structures and advantages of the 
present invention will be apparent more clearly from the following 
description of the invention based on the examples. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a perspective view of ceramic bodies to be bonded 
in accordance with a method of the present invention, which shows a 
state that slurry is applied to a bonding surface of one of ceramic 
bodies ; 

Fig. 2 is a perspective view v^ich shows a state that the ceramic 
bodies in Fig. 1 are superposed; 

Fig. 3 is a perspective view v^ich shows a ceramic composite 
manufactured in accordance with the method of the present invention; 

Fig. 4 is an electron photomicrograph (magnification: x40) 
which shows a cross section of the ceramic composite manufactured in 
accordance with the method of the present invention; 

Fig. 5 is a front view which shows a state in which a vertebral 
spacer formed from the ceramic composite of the present invention is 
implanted into and fixed to a cervical vertebrae; and 

Fig. 6 is a side view which shows a state in which the vertebral 
spacer is implanted into and fixed to a cervical vertebrae. 
PSTAIl-ED pgSCRIPTIQN OF THg PREFFRRED PMBQPJIMEWTS 

Hereinafter, a detail description of a method of manufacturing 
a ceramic composite according to the present invention and a ceramic 
composite manufactured by the method will be given. 

Namely, the present invention is directed to a method of 
manufacturing a ceramic composite suitable for medical applications , 
cind also directed to a ceramic composite manufactured by the method. 
The feature of the present invention is to interpose a slurry, in which 



primary particles of a bonding ceramic are dispersed, between the 
bonding surfaces of ceramic bodies to be bonded together and then 
sinter them to obtain a ceramic composite. 

This feature makes it possible to firmly bond the ceramic bodies 
together to obtain a continuously integrated ceramic composite having 
no boundary surface. 

In this regard, the properties of the ceramic bodies to be bonded 
are not limited in any particular way. Specifically, the ceramic 
bodies to be bonded may have identical or different properties. 
However, in a preferred practice, ceramic bodies having different 
porosities are bonded to each other. 

Bonding ceramic bodies having different porosities together 
makes it possible to obtain a ceramic composite in which different 
sections exhibit different required functions despite the fact that 
the bonded composite is a monolithic structure. 

When this ceramic composite is used as, for example, a bone 
replacement material (e.g., vertebral body spacer) to be implanted 
into a cervical vertebra, spinal column or the like, the ceramic 
composite can be formed such that different sections have different 
porosities. For example, it is possible to form a ceramic composite 
which includes low-porosity portions having excellent strength and 
high-porosity portions having excellent fluid circulation 
capabilities . 

In this case, it is preferred that the high porosity portions 
are arranged in sections of the ceramic composite v^iich will be in 
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contact with bones or tissues when implanted, v^ich makes it possible 
to promote cohesion with bones and tissues. On the other hand, it 
is preferred that the low porosity portions are arranged in sections 
of the ceramic composite which serve to maintain the shape of the 
implanted space for the ceramic composite or serve to support the bones 
adjacent to the implemted space. 

Further, in this case, various manufacturing methods can be 
used for manufacturing the ceramic bodies to be bonded together. 

For example, a dense ceramic body may be manufactured in the 
following manner. Specifically, a starting material ceramic powder 
is first prepared in accordance with a wet or dry process. 
Subsequently, the starting material ceramic powder is pressurized by 
means of a mold press, rubber press or the like to form a compacted 
body having a predetermined shape . Thus formed compacted body is then 
sintered at a specific temperature to obtain a dense ceramic body. 

Further, a porous ceramic body may be manufactured in the 
following manner, for example. Specifically, a starting material 
ceramic powder is first prepared in accordance with a wet or dry process . 
Subsequently, water, a foaming agent and the like are added to the 
prepared starting material ceramic powder, and then the mixed solution 
containing them is agitated. Next, the agitated mixture is dried at 
about 80°C, for example, to form a dried body having a predetermined 
shape . A porous ceramic body is obtained by sintering the dried body 
at a specific temperature. In this connection, examples of foaming 
agents include organic substance having thermcLL decomposition 




property, such as hydrogen peroxide, methylcellulose and the like, 
and other substances. 

The porosity of the porous ceramic body may be adjusted by 
varying the amount of the foaming agent to be added; the viscosity 
(that is, the ratio of powder and liquid) of the mixtixre containing 
the foaming agent and the starting material ceramic powder; the 
agitating conditions of the mixed solution; or the like. 

The porosity of the porous ceramic body is not limited in any 
particular value, and it can be appropriately set in accordance with 
the intended application of the ceramic composite. 

When the ceramic composite is to be used as a biocompatible 
material, at least one of the ceramic bodies to be bonded should have 
a porosity of 15 to 70%, and preferably 30 to 55%. 

In addition, ceramic bodies to be bonded may have different 
compositions, but it is preferred that they have the identical 
compositions. In this connection, it is to be noted that bonding 
defects may occur during sintering process if ceramic bodies to be 
bonded have different compositions and they possess significantly 
different coefficients of thermal shrinkage. 

No limitations are imposed on the materials that constitute 
the ceramic bodies. Preferably, ceramic materials that have 
bioaf f inity and biosaf ety should be used as constituent materials for 
the ceramic bodies . In other words , various ceramic materials having 
biocompatibility can be used. 

Exanples of ceramic materials that can be used as such 
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biocompatible materials include alumina, zirconia, calcium 
phosphate-based compounds, and the like. In this connection, calcium 
phosphate -based compounds are preferably used as the biocompatible 
materials, since calcium phosphate -based compounds can remain stable 
in the living body for a long time and therefore they are particularly 
suitable for biocompatible materials. 

Examples of calcium phosphate -based compounds include 
hydroxyapatite (Caio(P04)6(OH)2) , TCP(Ca3(P04)2) , Ca2P207' CaCPOa)^, 

CaioCPOJfiFj, Csliq{FOJ^C^2' DCPD(CaHP04 * IHJD) , and Ca40 ( PO4 ) 2 • These may 
be used individually or as mixtxires of two or more compounds. 

The Ca/P ratio of such a calcium phosphate -based compound should 
preferably be 1.0 to 2.0. A calcium phosphate -based compound whose 
Ca/P ratio lies within this range has excellent biostability and 
biocompatibility , and is thus suitable for a biocompatible material. 
When a ceramic body is a mixture containing various kinds of calcium 
phosphate-based compounds, the Ca/P ratio of the mixture should 
preferably lie within the above-mentioned range. 

Among the calcium phosphate -based compounds, hydroxyapatite 
is extremely suitable for biocompatible materials such as artificial 
bone, artificial dental implants and the like, since hydroxyapatite 
has a structure that is similar to bone or dental tissue. Therefore, 
hydroxyapatite should preferably be used as constituent materials for 
the ceramic composite of the present invention. 

A slurry, in which primary particles of a bonding ceramic eure 
dispersed, is interposed between the ceramic bodies as described above . 
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In this case, when at least one of the ceramic bodies to be bonded 
Is a porous ceramic body, the bonding ceramic In the slurry Is embedded 
Into the pores of the porous ceramic body. Thus, It becomes possible 
to increase the contacting surface area between one ceramic body and 
the other ceramic body. Further, it also becomes possible to bond 
the ceramic bodies such that an einchoring effect is obtained. As a 
result, the bonding strength between the ceramic bodies is enhanced. 

When sintering the ceramic bodies between which the slurry has 
been Interposed, the particles (primary particles) of the bonding 
ceramic in the slurry react with adjacent particles and then grow into 
larger particles . Repeating such particle growth allows the ceramic 
bodies to be bonded to each other. 

In addition, since the strength of the sintered bonding ceramic 
is the same as that of the ceramic bodies, a ceramic composite having 
uniform strength can be obtained. Such a ceramic composite is capable 
of preventing the strength at the bonding area between one ceramic 
body and the other ceramic body from falling below that of other 
portions . 

The disperse medium to be contained in the slurry should 
preferably be inorganic disperse medium such as water. 

In this connection, it is to be noted that the slurry does not 
contain any water-soluble polymers such as binders which are commonly 
used as bonding materials . Thus , ceramic composites having no organic 
components can be obtained. 

Accordingly, the ceramic composite of the present invention 
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does not contain any organic components , thus eliminating the danger 
that these organic con5>onents will elute into the living body v^en 
this ceramic composite is used as a biocompatible material. This 
means that the ceramic composite of the present invention has excellent 
biosafety. 

In addition, the aforementioned slurry does not contain any 
high-viscosity substances such as water-soluble polymers and the like , 
thus allowing the bonding ceramic to be dispersed in the slurry 
uniformly and easily. This means that the slurry used during the 
manufacture of the ceramic composite of the present invention has 
excellent workability and handling ability. 

When a calcium phosphate -based ceramic is used as the bonding 
ceramic , the slurry in which primary particles of the bonding ceramic 
are dispersed may be prepared, for example, by a method (wet process) 
in which a phosphoric acid aqueous solution in the form of droplet 
is added to a calcium hydroxide slurry. 

The bonding ceramic should preferably be constituted from the 
same ceramic material as that of at least one of the ceramic bodies 
to be bonded - 

When the bonding ceramic in the slurry which is constituted 
from the same material as that of the ceramic bodies is used to bond 
the ceramic bodies together, it becomes possible to prevent boundary 
surface (interface) from being formed between the sintered ceramic 
bodies. Thus, the bonding strength of the ceramic composite can be 
enhanced or improved. 
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In this connection, the ceramic materials which is the same 
as those for the above-mentioned ceramic bodies may be used for a 
material for the bonding ceramics. 

For the same reasons as those described with reference to the 
ceramic bodies, the ceramic material used for the bonding ceramic 
should be a calcium phosphate-based compound, preferably one with a 
Ca/P ratio of 1.0 to 2.0, and more preferably hydroxyapatite . 

Although the content of the bonding ceramic in the slurry is 
not limited in any particular value, a content of about 0.1 to 20 vol% 
is preferred. When a content of the bonding ceramic is less than 0.1 
vol%, there is a case that the bonding ceramic fails to exhibit an 
adequate effect, thereby resulting in inferior bonding strength. On 
the other hand, when a content of the bonding ceramic exceeds 20 vol%, 
the fluidity of the slurry becomes lowered, which may result in poor 
handling ability and workability. 

The particles (primary particles) of the bonding ceramic should 
have an average grain size of 0.05 to 0.5 \xm, and preferably 0.1 to 
0 . 3 nm. 

When the average grain size of the bonding ceramic is less than 
0.05 urn, there is a case that an adequate bonding effect will not be 
obtained. On the other hand, when the average grain size exceeds 0.5 
|am, it is not always possible to keep uniform density of the bonding 
ceramic in the slurry. Consequently, there is a case that nonuniform 
sintering and dispersion in the bonding strength will occur. 

No limitations are imposed on the method for applying the 
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above-mentioned sluiry to the bonding surface. Examples of the 
applying methods include a method in v^ich the slurry is merely applied 
to the bonding surface, a method in v^ch the slurry is impregnated 
into the bonding surface, a method in which the slurry is sprayed 
against the bonding svirf ace , and a method in which the slurry is dropped 
onto the bonding surface. Further, it is also possible to use a method 
in v^ich the bonding surfaces of the ceramic bodies are immersed in 
the slurry. Furtheinnore , the slurry may also be applied to the bonding 
surface by a combination of these methods. 

After the slurry has been applied between the ceramic bodies , 
the two ceramic bodies may be compressed to evenly spread the slurry 
across the bonding surfaces thereof, if necessary. 

Examples of sintering techniques used in the method for 
manufacturing a ceramic composite according to the present invention 
include non -pressure sintering methods such as normal pressure 
sintering, hot plasma sintering, microwave sintering and the like; 
and pressure sintering methods such as hot pressing (HP) , spark plasma 
sintering (SPS), hot isostatic pressing (HIP) and the like. Among 
these methods, the non-pressure sintering methods should preferably 
be utilized to manufacture the ceramic composite of the present 
invention. 

The above -described pressure sintering methods make it 
possible to manufacture ceramic composites having complex shapes. 

In contrast with the pressure sintering methods, the non- 
pressure sintering methods make sintering equipment and sintering 
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process more simple , and also meike it possible to improve manufacturing 
efficiency. 

The sintering tenperature is appropriately set in accordance 
with the sintering methods or materials constituting the ceramic 
bodies. This ten5)eratxire is preferably 900 to 1300°C, and more 
preferably 1000 to 1200*^C. When the sintering temperature is lower 
than 900°C, it is sometimes impossible to obtain adequate bonding 
strength due to inferior sintering. On the other hand, when the 
temperature exceeds 1300°C, there is a case that heat will induce 
decomposition in the bonding ceramic and the ceramic materials 
constituting the ceramic bodies. 

The sintering time is not subject to any particular limitations . 
When sintering the ceramic bodies at the above -described sintering 
temperatures, the sintering time is preferably 0.1 to 6 hours, and 
more preferably 0.5 to 4 hours . 

Although, in the above explanation, ceramic bodies which have 
already been sintered are used, it is also possible to use unsintered 
ceramic bodies (unsintered compacts) to form the ceramic composite 
of the present invention. 

Further, in order to manufacture the ceramic composite of the 
present invention, it is also possible to interpose the slurry as 
described above between a sintered compact and an unsintered compact , 
and then sinter them. 

According to the above -described method of the present 
invention, the manufactured ceramic composite is con5)letely 
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integrated. In addition, no boxindary sxxrface (interface) is formed 
between the bonded (sintered) ceramic bodies after sintering. 
Consequently, the method of the present invention makes it possible 
to manufacture a ceramic composite whose strength is substantially 
uniform throughout. 

In addition, the absence of a boxindary surface in such a ceramic 
composite makes it possible to prevent the strength of the bonding 
area between the ceramic bodies from being adversely affected after 
sintering. Further, the absence of such a boundary surface also makes 
it possible to prevent one ceramic body from peeling off from the other 
ceramic body after sintering. Fxirthermore , the method of the present 
invention also makes it possible to prevent cracks or the like from 
developing in the bonding area between the ceramic bodies after 
sintering. 

In addition, when hydroxyapatite or another biocompatible 
material is used as a constituent material for the bonding ceramic 
and the ceramic bodies , it becomes possible to manufacture a ceramic 
composite suitable for artificial dental implants, bone replacement 
materials such as vertebral spacers and the like. 

In this regard, it is to be noted that in this invention a slurry, 
in which primary particles of a ceramic are dispersed, is used to 
manufacture the ceramic composite and the slurry does not contain any 
bonding materials such as resins and the like. Therefore, it is 
possible to prevent the manufactured ceramic composite from 
containing any resin components or the like. 
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As described above, the ceramic composite of the present 
invention does not contain any resin components or the like, thus 
eliminating the danger that these resin components or the like will 
elute into the living body even v^en this ceramic composite is used 
as a biocompatible material. This means that the ceramic composite 
of the present invention has excellent biosafety. 

In addition, according to the method for manufacturing a ceramic 
composite of the present invention, it is possible to bond ceramic 
bodies having different porosities together. This makes it possible 
to manufacture a ceramic composite in which different sections exhibit 
different functions despite the fact that the composite is a monolithic 
structure. 

In the above, the method for manufacturing a ceramic composite 
in accordance with the present invention, and a ceramic composite 
manufactured by this method were described. In this connection, 
however, it should be noted that the present invention is not limited 
to the embodiments described above . For example , the ceramic bodies 
described above may contain any metal materials (for example, 
titanium) which are harmless to the living body, besides the ceramic 
materials. In addition, three or more ceramic bodies may be bonded 
together , 
EXAMPLES 

Hereinafter, specific examples of the present invention will 
be described. 

1. Manufacture of Ceramic Composite 
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(Example 1) 

A phosphoric acid aqueous solution in the form of droplet was 
added to a calcium hydroxide slurry to obtain a hydroxyapatite slurry 
containing 10 vol% primary particles of a hydroxyapatite having a Ca/P 
ratio of 1.67 cind an average grain size of 0.1 |jm. 

Further, the hydroxyapatite slurry obtained in accordance with 
the above -described wet process was sprayed and then dried to obtain 
the spherical powder (secondary particles) of hydroxyapatite. Then, 
after pre- sintering the obtained spherical powder at 700°C, it was 
pulverized. 

Subsequently, the pulverized hydroxyapatite powder was added 
in a predetermined ratio to an aqueous solution of natural 
macromolecular compound such as methylcellulose and the like . Then , 
the mixed solution was agitated until the solution was frothed ( foamed) 
The foamed solution was subsequently dried at about 80°C to obtain 
unsintered ceramic bodies 3 and 5 as shown in Fig. 1. 

In this regard, it should be noted that the degree of formation 
of foam in the mixed solution for the ceramic body 3 was different 
from that in the mixed solution for the ceramic body 5 . With this 
result, the obtained ceramic bodies 3 and 5 had different porosities. 

As shown in Figs. 1 to 3, two openings 51 were provided near 
the center of the top surface of the ceramic body 5. The presence 
of these openings made it possible to ascertain that the ceramic body 
5 had a higher porosity than the ceramic body 3 . 

Subsequently, a slurry 4, which had been prepared in advance, 
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was applied In an appropriate amoiant to the bonding siarf ace 35 of the 
ceramic body 3 as shown In Fig. 1, and then the ceramic body 5 was 
superposed thereon ( see Fig . 2 ) . 

Then, the ceramic bodies 3 and 5 In the state shown In Fig. 2 
were sintered for 2 hours at a sintering temperature of 1200°C by a 
normal-pressure sintering method to obtain a ceramic composite for 
a vertebral spacer 1. 

In the state that the sintering process had been completed, 
a portion of the ceramic composite (vertebral spacer) 1 formed from 
the ceramic body 3 had a porosity of 30%, and a portion of the ceramic 
composite (vertebral spacer) 1 that formed from the ceramic body 5 
had a porosity of 55%. 

The obtained vertebral spacer 1 had a shape of generally 
rectangular parallelepiped (width: 15 mm, maximum length: 20 mm, 
height: 7 mm). Further, as shown in Fig. 3, engagement grooves 33 
(53) were formed in the facing lateral surfaces of the vertebral 
spacer 1. These engagement grooves 33 (53) were formed to allow the 
vertebral spacer 1 to be securely fixed in place in an implantation 
area. In other words, the engagement grooves 33 (53) prevent the 
vertebral spacer 1 from being dislodged from the implantation area. 
(Example 2) 

A ceramic body 3 whose porosity after sintering was 40%, and 
a ceramic body 5 whose porosity after sintering was 50% were used to 
manufacture a vertebral spacer 1. In this regard, the vertebral 
spacer 1 was manufactured In the same manner as In Example 1 except 
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that the porosities of the ceramic bodies were changed as described 
above . 

2. Evaluation of the Manufactured Ceramic Composites 

The vertebral spacers 1 manufactured in Examples 1 and 2 were 
evaluated. To perform this evaluation, the condition of the bonding 
area (boundary surfaces) between the sintered ceramic bodies 3 and 
5 was observed visually and under an electron microscope. 

In this connection, to observe the vertebral spacers 1 under 
an electron microscope , the vertebral spacers 1 were cut along a plane 
perpendicular to the bonding area (bonding surfaces) between the 
ceramic bodies 3 and 5 . An evaluation was conducted by observing these 
cross sections under an electron microscope. 

Evaluation results in the case where the vertebral spacers 1 
were evaluated visually were as follows. 

The ceramic bodies 3 and 5 of the vertebral spacers 1 
manufactured according to Examples 1 and 2 were monolithically 
(completely) integrated as shown in Fig. 3. For this reason, it was 
impossible to visually check the condition of the boundary surface 
between the ceramic bodies 3 and 5 - 

Next, evaluation results in the case where the vertebral 
spacers 1 were evaluated under the electron microscope were as 
follows . 

Fig. 4 is an electron photomicrograph (magnification: x40) 
which shows the vertebral spacer 1 manufactured in Example 2 . This 
electron photomicrograph shows a plane (cross section) perpendicular 



to the bonding area (boundary surface) between the sintered ceramic 
bodies 3 and 5. In addition, the right half of the electron 
photomicrograph shows the portion of the sintered vertebral spacer 1 
that corresponds to the ceramic body 3 (porosity: 40%) , and the left 
half of the electron photomicrograph shows the portion of the vertebral 
spacer 1 that corresponds to the ceramic body 5 (porosity: 50%). 

The photomicrograph in Fig. 4 shows that no boundary surface 
(interface) has been formed between the sintered ceramic bodies 3 and 
5. In other words, it has been found that the boundary surface 
existing between the ceramic bodies 3 and 5 prior to sintering has 
been eliminated during the sintering process. 

It has been also found that a heterogeneous layer which is 
distinguished from the portions derived from the ceramic bodies 3 and 
5 was absent in the area between the sintered ceramic bodies. 

In the same manner as in the above, the vertebral spacer 
manufactured in Example 1 was evaluated using the electron microscope. 
Observation result of the vertebral spacer 1 manufactured in Example 
1 was the same as that of the vertebral spacer 1 manufactured in Example 
2. 

3. Application of Vertebral Spacer (Ceramic Composite) into 
Living Body 

Hereinafter, an evaluation for the case where the vertebral 
spacer (ceramic composite) was applied into a living body will be 
described with reference to Figs. 5 and 6. 

Fig . 5 is a front view which shows a state in v^ch the vertebral 
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spacer 1 is implanted into and fixed to cervical vertebrae 10, and 
Fig. 6 is a side view thereof. 

First , two vertebrcLL spacers 1 were prepared in the same manner 
as in Example 1, and further two vertebral spacers 1 were prepared 
in the same manner as in Example 2. 

Next, an operator (or a surgeon) executed the operation of 
decompressing and fusing anterior cervical vertebrae to a patient who 
needs the decompression and fusion of his (or her) anterior cervical 
vertebrae across the space between vertebral bodies, by cutting and 
eliminating the region of the vertebral bodies corresponding to the 
compressed area of the spinal cord, thereby decompressing for the 
cervical vertebrae 10 was performed. 

After the cervical vertebrae 10 had been decompressed, two 
superposed vertebral spacers 1 (prepared in advance) were inserted 
(implanted) into the space between the vertebral bodies 12 and 14 of 
the cervical vertebrae 10, as shown in Figs. 5 and 6. During the 
insertion of the vertebral spacers 1 into the cervical vertebrae 10 , 
an engagement was made between the engagement grooves and the vertebral 
bodies 12 and 14 to fix firmly the two superposed vertebral spacers 1 
in the space. 

With respect to the state shown in Fig. 5, it should be noted 
that the two vertebral spacers 1 were superposed and inserted such 
that the low-porosity portions are positioned on the inside thereof 
(that is, the low-porosity portions face to each other), and the 
high-porosity portions are positioned on the outside. 
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In tills way, it was possible to expand the constricted portions 
of the cervical vertebrae and to maintain this expanded state. 

Further, X-ray imaging observation was carried out immediately 
after surgery, and the obtained image showed transparent layers 
indicating the presence of spaces in the interface portions between 
the vertebral spacers 1 and the vertebral bodies 12 and 14. However, 
these trcinsparent layers have disappeared in a relatively short time 
after surgery as a result of bone cohesion. 

Furthermore, since the strength of the vertebral spacers 1 on 
the whole was ensured by the low-porosity portions positioned inside 
thereof, it was possible to keep the distance between the vertebral 
bodies 12 and 14 in a desired interval. 

As described above, the method of manufacturing the ceramic 
composite according to the present invention makes it possible to bond 
a plurality of ceramic bodies with a simple technique . 

In addition, according to the present invention, the slurry 
in which primary particles of a bonding ceramic are dispersed is 
applied to the bonding surface of one of the ceramic bodies to be bonded, 
and sintering such ceramic bodies makes it possible to obtain the 
ceramic composite having an excellent bonding strength. Further, it 
becomes possible to completely integrate the ceramic bodies with each 
other, thereby preventing the strength at the bonding area between 
the sintered ceramic bodies from being deteriorated. 

Further, according to the present invention, it is possible 
to easily manufacture ceramic composites having complex shapes and 

24 



to bond ceramic bodies having different porosities . Bonding ceramic 
bodies having different porosities together makes it possible to 
obtciin a ceramic conposite in which different sections exhibit 
different functions. Therefore, it becomes possible to manufacture, 
with a simple technique, a ceramic composite (e.g., biocompatible 
materials such as artificial dental implants, bone replacement 
materials, dental cements and the like) having the required strength 
and excellent bioaffinity and biosafety. 

Furthermore, according to the present invention, the slurry 
that is applied to the ceramic bodies to be bonded does not contain 
any water-soluble polymers such as binders. This means that ceramic 
composites that do not contain any organic components can be 
manufactured. Accordingly, the ceramic composite of the present 
invention eliminates the danger that these organic components will 
elute into the living body when this ceramic composite is used as a 
biocompatible material . 

Finally, it is to be understood that many changes and additions 
may be made to the embodiments described above without departing from 
the scope and spirit of the invention as defined in the appended Claims . 

Further, it is also to be understood that the present disclosure 
relates to subject matter contained in Japanese Patent Application 
No. 10-340459 (filed on November 30, 1998) which is expressly 
incorporated herein by reference in its entirely. 
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